Ecologists debate the relative importance of niche versus neutral processes in understanding 10 biodiversity 1,2 . This debate is especially pertinent to microbial communities, which play crucial roles in 11 biogeochemical cycling 3,4 , food production 5 , industrial processes 6,7 , and human health and disease 8 . 12
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Microorganisms are essential players in areas such as health, disease, industry, and the 23 environment. Furthermore, it is often the community that gives rise to the output or property of 24 interest 9 , rather than any individual organism. Understanding microbial communities is therefore 25 important in a wide variety of systems for predicting responses to anthropogenic 4 and natural 26 perturbations, engineering desired outputs 10, 11 , and understanding native functions. The study of 27 microbial communities has been aided by increasing quantities of data as sequencing technologies have 28 rapidly advanced, but in order to move from taxonomic descriptions to deeper understanding, there 29 have been calls for placing these results in the context of a theoretical framework [12] [13] [14] [15] [16] [17] [18] . 30
Borrowed from macroscopic ecology, theoretical frameworks of microbial ecology can be 31 divided into two types: models based on niche theory and neutral models. Models based on niche 32 theory take a wide variety of forms, but critically differ from neutral theories in that they specify explicit 33 differences between community members. For instance, one species may grow faster in certain abiotic 34 conditions or might be killed as prey to feed another species 19 . These models can make detailed 35 predictions, but often necessitate measurements or estimates of many parameters 20, 21 . Conversely, 36 neutral models take into account only random mechanisms. In ecology, they draw no distinction 37 between individuals even across different species, which act in competition for a single limiting 38 resource. Each species has the same fitness, and each species' relative abundance changes only due to 39 random processes such as immigration and drift from random sampling 1 . Despite obvious species 40 differences documented by decades of observation, neutral models can, perhaps surprisingly, predict 41 frequently observed patterns of natural communities, such as lognormal-like species relative abundance 42 distributions 22 and power law-like species area relationships 23 . Neutral models are thus a potentially 43 enticing way to understand communities by abstracting away complicated differences between species, 44 but a natural question arises about their applicability under varying balances between niche and random 45 processes. 46
As in macroscopic ecology, both niche and neutral theories have been discussed in microbial 47 ecology, and studies have reached a wide range of conclusions about the relative contributions of niche 48 and neutral processes to community assembly and structure [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . As a result, researchers have 49 emphasized the need for controlled time course experiments to explore how the balance between 50 different mechanisms such as selection, drift, and immigration compels the application of different 51 models 14, 36 . Toward this end, we created a synthetic microbial "community" to emulate an ecological 52 community. In this community "species" are represented by unique heritable DNA barcodes 37,38 that 53 distinguish otherwise clonal E. coli bacterial cells. We created and validated a library of 456 different 54 strains with Sanger sequencing to become the different species in our community. Starting with all 55 species present, we grew this community to saturation then passaged it through a bottleneck once per 56 day in 2 mL of shaken rich media using a wide range of bottleneck sizes (~10 0 to 10 7 cells, referred to as 57 "small" and "large" bottlenecks, respectively). After each bottleneck we immigrated a controlled 58 number of cells from the naïve barcoded "metacommunity" (average 55 cells/round). We took samples 59 from the saturated growth at each time point, and used high throughput amplicon sequencing of the 60 inserted barcodes to measure the abundance of each species present in each experimental community 61 every round for 25 days. (Figure 1 ). Our approach allowed detection of species down to abundances of 62 1/1,000, creating a detection threshold analogous to Preston's veil We note, of course, that this simplified system far from captures the complexity present in 65 natural microbial communities. The species exist in a well-mixed environment and, since they started as 66 clones, they share similar fitness, and the same nutrient requirements. Therefore, interactions between 67 species are essentially a zero-sum competition for a limiting resource and do not include other types of 68 interactions such as mutualism or predation. Recall, however, that neutral models only account for 69 competitive interactions between species, and do not account for fitness differences. In fact, deviations 70 from these conditions might be expected to drive the system away from neutral dynamics, so the 71 experiments here might be expected to be even more neutral than higher complexity natural 72
communities. 73 then depart from neutrality and include fitness differences between species. We changed the model to 131 include preexisting fitness differences by assigning each species a per replication relative fitness, 132 constant across experiments, selected randomly from an exponential distribution 42, 43 . We then scaled 133 this fitness by the number of replication rounds per experiment to obtain a per round fitness for each 134 species, consistent with advantages in the exponential growth phase (Supplementary section 5) . This 135 modification captured many more features over a larger range of the parameter space ( Figure 3B ) 136 including species relative abundance trajectories where one or more species come to dominate ( Figure  137 3H) and non-monotonic species area curves which do not stabilize over the experiment ( Figure 3I) . 138
Further additions to the model such as including the chance for mutations to arise during the course of 139 the experiment may lead to a more complete picture, especially at timescales beyond those investigated 140 here. Noting the success of the neutral model at small bottlenecks, we next assess when additional 141 complexities departing from neutrality become necessary. 142
The fact that small fitness differences can lead to non-neutral dynamics has been understood in 143 the population genetics literature 44 for some time and has more recently been studied in the context of 144 neutral ecology models 24, [45] [46] [47] . Transitions between niche and neutral have been proposed along 145 speciation 48 and immigration 24 gradients and with different interplays between species interactions and 146 stochasticity 36,49-51 . In our experiment, the different bottleneck sizes have different proportions of 147 immigrants, ≡ + , allowing us to explore the transition from neutral to niche along an immigration 148 gradient in a well-controlled experiment. We can compare our results to theoretical predictions for the 149 simple scenario of a single species with a fitness advantage, . Our discussion of the predictions follows 150 the derivation by Sloan et al. 24 and can be found in Supplementary section 2c. 151
For the neutral case, any given species' mean frequency, is simply equal to that species' 152 frequency in the incoming immigrant pool, . When there is a selective advantage, the probability 153 distribution of the fit species, ( ), is shifted toward higher frequencies. This effect is most noticeable 154 when selection is stronger than stochastic effects, i.e ≫ 1 where is the effective population size 155 which is on the order of the total population after immigration, + . Even if selection is strong, the 156 distribution can appear neutral if immigration is strong enough to compensate. For strong selection and 157 strong immigration, the equilibrium frequency, , of the fit species given by the deterministic 158 dynamics is a good measure for determining whether the distribution appears neutral or not. Figure 4A In our final experiment we addressed whether knowing which model to apply has practical 187 implications for understanding and managing how the community recovers from a disturbance. 188
Communities that have been restricted by severe bottlenecks lose diversity, for example the human gut 189 microbiome after antibiotic treatment 54 . A neutral model can make predictions about the best way to 190 recover diversity. In certain parameter regimes, diversity is actually predicted to recover faster from a 191 slow, rather than abrupt, increase in the bottleneck size. For example, in our system, neutral models 192 predict that a community maintained with a bottleneck size of 32 recovering to a bottleneck size of 3250 193 with immigration of 55 individuals per round gains diversity faster when the bottleneck is increased over 194 several rounds rather than in a single round, prescribing a management strategy where the population 195 gradually expands in size to maximize the rate at which diversity is recovered. (Figure 4C These results show a transition between niche and neutral regimes, providing an experimental 204 case where a general guideline using fitness differences and immigration proportion successfully 205 predicts whether the system can be treated as neutral. If these conditions are not met, then non-neutral 206 explanations are required to understand the community. These results also show that using the correct 207 model is essential when predicting community response to change and can impact management 208 strategies. Finally, we note that though these results were obtained using a synthetic microbial 209 community, the framework, models, and analytical results may be useful in other ecological systems 210 involving fitness differences and immigration. 
